SERVO CONTROLLER 
BACKGROUND OF THE INVENTION 
1 • Field of the Invention 

The present invention relates to a servo controller for 
driving a feed shaft of a drive mechanism, such as a machine 
tool, injection molding machine, "pressing machine, or the like, 
and more particularly, to a servo controller suitable for use 
in cases where the same type of component is to be processed 
any number of times by a machine tool for processing 
components. 

2 . Description of the Related Art 

Learning control is already known as a method for 
increasing processing accuracy and causing control deviation 
to converge to zero, in cases where processing, or the like, 
is carried out by repeatedly instructing the same pattern of 
commands. In the learning control implemented in the prior 
art, as illustrated in Fig. 2, the same pattern is instructed 
repeatedly at a uniform pattern cycle, correction data 
determined on the basis of the positional deviation at each of 
the control intervals in the previous pattern cycle is stored 
in a learning memory, and the correction data for each control 
interval in the previous pattern cycle stored in the learning 
memory is added to the positional deviation at each of the 
control intervals of the current pattern cycle, thereby 
causing the positional deviation to converge to zero (see, for 



example, Japanese Patent Application Laid-open No. 7-104823 
and Japanese Patent Application Laid-open No. 6-309021) . 

If the cross-sectional shape has the same pattern, and 
the commands for this same pattern are issued repeatedly, as 
in a piston lathe, then the learning control described above 
can be implemented, but if the same pattern is not implemented 
repeatedly, then learning control of this kind cannot be 
applied. 

In case where many components of the same type are to be 
processed consecutively, or in case where the same processing 
shape must be processed at intermittent intervals, many times, 
learning control has not been applicable, regardless of the 
fact the commands are of the same pattern because of 
processing of the same shape. 

SUMMARY OF THE INVENTION 

The servo controller according to a first aspect of the 
present invention drives a servo motor on the basis of command 
positions input by a master control unit, and comprises: 
learning control means for creating correction data on the 
basis of the positional deviation in the same command pattern, 
storing the data in a memory, and correcting positional 
deviation. The learning control means creates correction data 
on the basis of the positional deviation, and corrects the 
positional deviation, during the period from a learning 
control start command to a learning control end command. 



The servo controller according to a second aspect of the 
present invention drives a servo motor on the basis of 
commands input by a master control unit and comprises: 
learning control means which has a memory for storing 
correction data determined on the basis of the positional 
deviation between a command position input from the master 
control unit and a detected position of a drive object driven 
by the servo motor, and performs learning control by 
correcting the positional deviation on the basis of the 
correction data stored in the memory. The learning control 
means judges a learning control start command and a learning 
control end command input by the master control unit, and 
stores in the memory the correction, data for each prescribed 
cycle in the driving operation of the servo motor during the 
period from the learning control start command to the learning 
control end command, and performs learning control of the 
drive of the servo motor in the period from the learning 
control start command until the learning control end command, 
on the basis of positional commands input from the master 
control unit and the correction data for each of the 
prescribed cycles stored in the memory. 

The servo controller according to the first or second 
aspect of the present invention may incorporate the following 
aspects . 

The learning control means performs learning control from 
the time when the movement command, which is the differential 



of the positional commands, ceases to be 0, after the learning 
start command, until the learning end command. 

The learning control means comprises respective memories 
corresponding to a plurality of processing shapes, and in 
accordance with an identification code specifying the 
processing shape from the master control unit, and a learning 
control start command and a learning control end command, 
learning control is performed from the learning control start 
command to the learning control end command, by selecting a 
memory by means of the identification code. 

The memory is a non-volatile memory. 

The correction data stored in the memory can be 
transferred, to and from a storage device of the master 
control unit. 

The correction data stored in the memory can be cleared 
by a command from the master control unit. 

Updating of the correction data alone can be halted by 
means of a command from the master control unit. 

Updating of the correction data is halted when the 
positional deviation has come within a prescribed range. 

The master control unit is informed of the fact that the 
positional deviation has exceeded a predetermined value. 

It is judged that the motor capacity has been exceeded if 
the current command has exceeded a predetermine value, 
informing the master control unit of the fact. 
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The master control unit stores the correction data in 
association with an operating program specified by the 
learning control start command and the learning control end 
command, . and transfers correction data corresponding to the 
set of a learning control start command and learning control 
end command output by the master control device, to the memory 
of the servo controller. 

The master control unit stores the correction data in 
association with an operating program specified by means of 
the learning control start command and the learning control 
end command, and clears the correction data in the memory if 
there is no positional deviation data corresponding to the set 
of a learning control start command and learning control end 
command input from the master control device. 

The operating program is an NC program for processing a 
workpiece in a machine tool. 

/ 

The master control unit previously interpolates 
positional command values for each axis and stores same in 
storing means, and outputs the positional command values 
stored in the storing means, to the servo controller. 

The interpolation calculations are previously carried out 
by a computing device external to the master control unit, and 
the master control unit outputs the positional command values 
to the servo controller whilst receiving same from a 
communications device . 
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According to the present invention, it is possible to 
provide a servo controller whereby learning control can be 
applied, even in cases where the same shape is processed any 
number of times. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The aforementioned object and other objects and features 
of the present invention shall become apparent from the 
following description of the embodiments, with reference to 
the accompanying drawings, wherein: 

Fig. 1 is a diagram for describing the principles of the 
present invention; 

Fig. 2 is an illustrative diagram of conventional 
learning control (repeated control) ; 

Fig. 3 is a principal block diagram of one embodiment of 
a servo controller according to the present invention; 

Fig. 4 is a detailed block diagram of learning control 
means according to the embodiment shown in Fig. 1; 

Fig. 5 is a detailed block diagram of learning control 
means according to a further embodiment, separate to the 
learning control means illustrated in Fig. 4; 

Fig. 6 is a graph showing the relationship between the 
number of learning operations and the positional deviation; 

Fig. 7 is a flowchart showing the processing implemented 
by the learning control means for halting the updating of the 
learning memory when the positional deviation has come within 
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a range between an upper limit value and a lower limit value; 
and 

Fig. 8 is a flowchart showing processing for starting 
learning control when the movement command is any value other 
than zero. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 
Fig. 1 is a principle diagram of the present invention. 
According to the present invention, learning control is 
applied to components or processing points in which the same 
shape is processed, a learning control start command being 
issued from the position at which the same command pattern is 
to be instructed, and a learning control end command being 
issued at the position where the same command pattern ends. 
By implementing learning control only during the period from 
the learning control start command to the learning control end 
command, a plurality of components of the same type are 
processed, or a workpiece is processed in such a manner that 
processing of the same shape is carried out a plurality of 
times . 

In the conventional learning control illustrated in Fig. 
2, correction data consisting of positional deviation data for 
one pattern cycle of the same command pattern that is to be 
repeated is stored in a learning memory, and in the next 
pattern cycle, control is implemented by adding the correction 
data stored in the learning memory to the positional deviation, 
in such a manner that the positional deviation becomes zero. 
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In the present invention, the correction data consisting 
of positional deviation data for the learning interval from 
the learning control start command until the learning control 
end command during which the same command pattern is 
instructed, is stored in a learning memory, and during the 
learning interval from the next learning control start command 
to the next learning control end command, the positional 
deviation is corrected by means of the corresponding 
correction data stored in the learning memory, in addition to 
which, new correction data is stored in the learning memory. 

Fig. 3 is a principal part block diagram showing one 
embodiment of the present invention. A numerical control 
device 1 of a master control unit outputs positional commands 
to the servo control section of a servo motor 7 which drives 
and controls a drive object 9, on the basis of a processing 
program, or the like. Meanwhile, the servo control section 
drives and controls the servo motor 7 by performing feedback 
control of the position, velocity and current, on the basis of 
these positional commands. 

In other words, a positional deviation is determined by 
subtracting the current position, as fed back by a position 
detector 11 which detects the movement position of the drive 
object 9, from the positional command output by the numerical 
control device 1. A positional control section 3 then 
determines a velocity command by multiplying this positional 
deviation by a positional loop gain. Moreover, a velocity 
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deviation is determined by subtracting the actual velocity, as 
fed back by a velocity detector 10 which is attached to the 
servo motor 7 and detects the velocity of the servo motor 7 , 
from the velocity command, and a velocity control section 4 
then determines a current command (torque command) by 
performing velocity loop control, such as PI (proportional- 
plus-integral) control, or the like. Moreover, a current 
deviation is determined by subtracting the drive current, as 
fed back by a current amplifier 6, from the current command, 
and a current control section 5 performs current loop control 
and drives and controls the servo motor 7 by means of the 
current amplifier 6, whereby the drive object 9 is driven via 
a transmission mechanism 8. 

In the foregoing, the servo control section is the same 
as one implemented conventionally for performing loop control 
of position, velocity and current, and in this respect it does 
not differ from the prior art. The point of difference is 
that learning control means 2 is incorporated. The learning 
control means 2 starts learning control at a learning control 
start command from the numerical control device 1, and 
terminates learning control at a learning control end command. 

Fig. 4 is a detailed block diagram of the learning 
control means 2. Similarly to a conventional learning control 
means, the learning control means 2 comprises a band limiting 
filter 21, a learning memory 22 for storing correction data, 
and a dynamics compensating element 23 for compensating for 



phase delay, fall in gain, or the like, in the control object. 
Moreover, a characteristic feature of the present invention is 
that switches 24, 25 for starting and ending learning control 
are provided. 

In the learning memory 22, there are provided a number of 
memories corresponding to the prescribed cycle at which 
positional and velocity loop control is to be performed within 
the same command pattern that is to be learned. The 
prescribed cycle may be established together with the learning 
start command, or if the prescribed cycle is not established, 
then a sufficient value is established for the first learning 
operation, and the prescribed cycle is then determined by the 
time period between the first start command and end command 
(the number of counts of a prescribed processing cycle) . 
Furthermore, when transferring correction data to or from the 
memory device of the master control unit, the prescribed cycle 
can also be transferred simultaneously. For example, if the 
section of the same command pattern is taken to be L and the 
cycle of the position and velocity loop processing is taken to 
be T, then the number of memories provided in the learning 
memory 22 will be L/T. 

When a learning control start command is output by the 
numerical control device 1, the switches 24 and 25 close, the 
positional deviation at each prescribed cycle for performing 
position and velocity loop control is introduced into the 
learning control means 2, the oldest correction data stored in 
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the learning memory 22 is added to this positional deviation, 
and the data is then passed through the band limiting filter 
21 and stored in the learning memory 22 as correction data. 
Moreover, the oldest correction data extracted from the 
learning memory 22 as described above is added to the 
positional deviation via the switch 25, after the phase delay, 
fall in gain, and the like, of the control object have been 
compensated by the dynamics compensating element 23. The 
positional deviation to which the correction data has been 
added is input to the position control device 3, and a 
velocity command is determined by multiplying this by a 
positional loop gain. This processing operation is carried 
out thereafter, until the commands of the same command pattern 
have finished, and a learning control end command is output by 
the numerical control device 1, thereby turning the switches 
24 and 25 off. In this way, correction data for each 
processing cycle of position and velocity control in the 
section of the same command pattern is stored in the learning 
memory 22. 

In the section of the same command pattern, the 
positional deviation is made to converge to zero as the 
correction data is added to the positional deviation. 

The learning control start command and learning control 
end command output by the numerical control device 1 should be 
given an M code which specifies the command, in such a manner 
that they can be written into a processing program. For 



example, if the M code of the learning control start command 
is set as Mxx, and the M code of the learning control end 
command is set as Myy, then the processing program should be 
written as follows. 

GOO X . . Y . . 

Mxx 

G01 X . . Y . 
G02 X . . Y . . 

* a a a 

Myy 

Moreover, the learning control start command and the learning 
control end command may be composed by means of signals from 
an external source, such as a PC (programmable controller) , or 
the like, which performs sequence control. 

Furthermore, rather than closing the switches 24 and 25 
immediately after the learning control start command has been 
output, it is also possible to adopt a composition which 
allows the switches 24, 25 to be closed and learning control 
to be started, from the moment that the movement command, 
which is the differential of: the positional commands, ceases 
to be zero. By this means, it is possible to adjust the 
timing from the issuing of the learning control start command 
until actual output of the positional command, in each cycle. 

Furthermore, if the components to be processed involve a 
plurality of shape patterns of different shapes, then as 
illustrated in Fig. 5, it is possible to provide learning 
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memories 22-1 to 22-n for each shape, in such a manner that 
learning control can be implemented for each shape. In this 
case, using the type of description such as "M05 Ql N2", 
learning control may be indicated by M05, the start of the 
learning control may be indicated by Ql, and a second shape 
(second learning memory) may be specified by N2, or the like. 
In this manner, the learning control means 2 selects the 
learning memory 22-1 to 22-n corresponding to the command 
pattern of the processing shape, when the learning control 
start command is issued, and the correction data is stored in 
the selected memory and is output. 

Moreover, as the number of learning operations increases, 
the positional deviation may gradually increase, due to the 
effects of the processing commands, disturbance during cutting, 
or the like. Fig. 6 is a graph showing the relationship 
between the number of learning operations and the mean 
positional deviation. As Fig. 6 reveals, in this case, the 
mean positional deviation is a minimum when the number of 
learning operations is 5 or 6. Consequently, when the fifth 
learning operation is reached, a correction data update halt 
command is issued by the numerical control device 1 of the 
master control unit, thereby turning off the switch 24 on the 
positional deviation input side and halting the updating of 
the learning memory 22, in such a manner that only output of 
correction data is performed. 
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Moreover, it is also possible to adopt a composition 
wherein updating of the learning memory is halted when the 
positional deviation has reached a previously determined upper 
limit value or less, or if it is within a range between an 
upper limit value and a lower limit value. 

Fig. 7 is a flowchart of the processing performed by the 
processor implementing learning control (a processor executing 
the processing of the servo controller or a dedicated 
processor of the learning control means) at each sampling 
cycle for sampling the positional deviation (at each position 
and velocity loop processing cycle) , whereby updating of the 
learning memory is halted if the positional deviation is in a 
range between an upper limit and a lower limit value. 

Firstly, it is determined whether or not a learning 
control start command has been input from the numerical 
control device 1 (step 100), whether or not a learning control 
end command has been input (step 101), and whether or not the 
flag indicating that learning control is in progress has been 
set to "1" (step 102) . If a learning control start command 
has been input, then the flag indicating learning control in 
progress is set to "1", and the error range flag is set to "0" 
(step 103) . 

Thereupon, it is judged whether or not this learning 
control start command is an initial command (step 104). In 
other words, it is judged whether or not this command has been 
issued for the first time, by determining whether or not 



correction data has been stored in the learning memory 22. I 
it has been issued for the first time, then the update halt 
flag is set to "0" (step 105) . 

In the example shown in Fig. 8 where learning control 
starts as soon as the movement command ceases to be "0", a 
learning start flag is set to "0" at step 105, as described 
hereinafter. 

Moreover, as illustrated in Fig. 8, if a learning start 
command is input, then firstly, it is determined whether or 
not an update halt command has been input (step 114), and if 
an update halt command has been input, then the update halt 
flag is set to "1" (step 115), whereby updating of the 
correction data can be halted. 

At step 102, if it is judged that the flag indicating 
that learning control is in progress is set to "1", it is 
determined whether or not the updating halt flag is set to "0 
(step 109) . Firstly, as the flag has been set to "0" at step 
105, then the sequence advances to step 110, where the input 
of positional deviation is switched on, and the output of 
correction data is also switched on (step 110) . In other, 
words, the switches 24 and 25 shown in Fig. 2 and Fig. 3 are 
switched on and learning control is started. It is then 
judged whether or not the positional deviation read in lies 
within the range between a previously established upper limit 
value and lower limit value (step 112), and if it does not li 
within this range, then the error range flag is set to "1" 



(step 113) , whereas if it lies within this range, then the 
processing for this cycle is terminated, without the error 
range flag being set to "1" . 

Moreover, as illustrated in Fig. 8, after determining 
that the flag indicating that learning control is in progress 
is set to "1", at step 102, it is judged whether or not 
learning has started, by means of the learning start flag 

(step 116) . If learning has not started, then it is 
determined whether or not the movement command, which is the 
differential of the positional commands, is 0 (step 117), and 
if the movement command is 0, then this processing is 
terminated, whereas if the movement command is not 0, then the 
learning start flag is set to "1" (step 118), whereupon 
judgement of the update halt flag is carried out similarly to 
the foregoing description. Moreover, if learning has started, 
then in this case also, judgement of the update halt flag is 
carried out, in a similar manner. By appending such a 
learning start flag, it is possible to carry out learning 
control at the same timing in each cycle after the learning 
start command, even if an end command is issued before a 
movement command is output. 

From the next cycle, the processing in steps 100, 101, 
102, 109, 110 and 112, and also the processing in step 113, is 
implemented, and if the positional deviation does not lie in 
the range between the lower limit value and the upper limit 
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value, on any one occasion, then the error range flag is set 
to "1". 

When one command pattern has finished and a learning 
control end command has been input, the procedure advances 
from step 101 to step 106, it is judged whether the error 
range flag is set to "0" or "1", and if it is "1" (if the 
positional deviation does not lie in the range between the 
lower limit value and the upper limit value) , then the control 
in progress flag is set to "0", the input and output are 
switched off (the switches 24 and 25 in Fig. 2 and Fig. 3 are 
turned off) , and learning control is halted. Furthermore, if 
the error range flag is "0", then the update halt flag is set 
to "1" (step 107) , and the sequence advances to step 108. 

When the next learning control start command is input, 
since it is not the first time for this command, the 
processing in steps 100, 103, 104, 101, 102, 109 - 113, and 
106 - 108 is carried out. 

Initially, the positional deviation often lies outside 
the range between the lower limit value and the upper limit 
value, and therefore the error range flag is set to "1", as a 
result of which, the update halt flag is not set to "1" . 
Thereupon, as the number of learning control operations 
increases, so the positional deviation becomes smaller, and 
accordingly, the positional deviation is no longer judged to 
lie outside the range between the lower limit value and the 
upper limit value at step 112, and as a result, the commands 



for one pattern terminate, without the error range flag being 
set to "1". 

When a learning control end command is read in, it is 
judged at step 106 that the error range flag is "0", and the 
sequence proceeds to step 107, where the update halt flag is 
set to "1", and the control in progress flag is set to "0", in 
addition to which the input and output are switched off and 
learning control is halted (step 108), thereby terminating the 
processing for the current cycle. 

When the next learning control start command is read in, 
since the update halt flag has been set to "1", the sequence 
advances from step 109 to step 111, and only the output is 
switched on. In other words, only switch 25 in Fig. 2 and Fig. 
3 is turned on, and hence only correction of the positional 
deviation by means of the correction data is carried out, 
without the correction data in the learning memory 22 being 
updated. The sequence then advances to step 112. 

In this way, thereafter, even if a learning control start 
command is input and learning control is started, since the 
update halt flag is set to "1", the correction data in the 
learning memory 22 is not updated, and learning control is 
only performed by correcting the positional deviation by means 
of the correction data. 

The learning memory 22 is generally constituted by a 
volatile memory, such as an SRAM, DRAM, or the like, and when 
the power supply to the numerical control device 1 of the 
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master control unit is switched off, the contents thereof are 
erased. Consequently, by constituting the learning memory 22 
by means of a non-volatile memory, such as a flash memory, or 
the like, then the correction data can be stored, even if the 
power supply is switched off, and hence control can be 
performed from the previous state, without having to undertake 
learning operations again. 

Moreover, the correction data stored in the learning 
memory whereby the positional deviation has become "0", as a 
result of a learning operation, is highly valuable information. 
Therefore, the memory contents of the learning memory 22 can 
be transferred to the numerical control device 1 of the master 
control unit and stored in a non-volatile memory, or the like, 
and thereupon, when a separate workpiece, or the like, is to 
be processed, or when a similar component, or the like, is to 
be processed in the same shape, then by transferring the 
stored correction data to the learning memory 22, it is 
possible to implement correction of the positional deviation 
by means of the correction data only, without performing 
learning again. 

In this way, if the correction data stored in the 
learning memory is transferred to a non-volatile memory of the 
master control unit 1 and stored therein, then it is not 
necessary to constitute the learning memory 22 by means of a 
non-volatile memory. Correction data created such that the 
positional deviation converges to "0" by means of learning 



control, for each type of component and each processing shape, 
or, in association with an operating program specified by a 
learning control start command and/or a learning control end 
command, is stored the numerical control device 1 of the 
master control unit. Thereupon, when processing is to be 
carried out, the correction data is transferred from the 
learning memory 22 and stored, and highly accurate processing 
can be carried out, by causing the master control unit to 
implement correctional processing of the positional deviation 
only, by means of the correction data. 

When a new processing shape is to be processed in a 
workpiece, then if correction data has not yet been created by 
learning control, and there exists no correction data stored 
in accordance with the operating program corresponding to that 
processing shape, then the learning memory 22 is cleared by a 
command from the numerical control device 1 which is a master 
control unit, and new correction data is created for the 
pattern of the new processing shape. 

Furthermore, in the embodiment described above, after the 
update halt flag has been set to "1", the output is switched 
on at step 111, and the procedure changes to processing for 
adding correction data to the positional deviation, whereupon 
the procedure advances to step 112. This is because, during 
control for adding correction data to the positional deviation, 
if the positional deviation has moved outside the range 
between the lower limit value and the upper limit value, then 
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the error range flag is set to "1", in such a manner that an 
alarm, or the like is output, and an operator is informed of 
the fact that the positional deviation is not within the 
prescribed range, due to tool wear or other such reasons, 
thereby letting operators know immediately of any processing 
faults . 

Moreover, the fact that an abnormality of some kind has 
occurred can be informed when a previously determined current 
command is exceeded due to the command acceleration, or 
cutting load, or the like, monitoring the current command 
during learning. 

Furthermore, if a processing program is written in 
standard NC code, then the numerical control device 1 
interprets this processing program and performs interpolation, 
but since this must be carried out in real time, then the 
interval that can be interpolated is determined by the 
calculational capacity of the numerical control device 1. The 
numerical control device 1 may previously interpolate the 
positional command values for each axis and store these values 
in a memory, in such a manner that the positional command 
values stored in this memory are then output to the servo 
controller. Moreover, if the calculations are performed by a 
separate computing device which is external to the numerical 
control device 1 forming the master control unit, then the 
numerical control device 1 can input these positional commands 
to the servo controller whilst receiving them from a 



communications device, and hence the interpolation interval 
can be shortened and processing speed can be increased. 

As described above, according to the present invention, 
if a plurality of pieces are to be processed with the same 
shape, then learning control can be applied to that shape 
portion only, and processing can be carried out in such a 
manner that the positional deviation in this processing 
converges to zero, thereby making it possible to achieve 
highly accurate processing. 
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